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OPEN-PIT COPPER MINING METHODS AND COSTS 
AT THE BAGDAD MINE, BAGDAD COPPER CORP., 
YAVAPAI COUNTY, ARIZ.-/ 


by 


W.R. Mordwieke and E. L. Jones 1 2/ 


SUMMARY 


This information circular describes open-pit mining methods and practices 
of the Bagdad Copper Corp., Yavapai County, Ariz. It is one of a series being 
prepared by the Federal Bureau of Mines on mining methods, practices, and costs 
in various mining districts of the United States. 


A brief history of the Eureka district and of early developments at the 
Bagdad mine is given, and the ore deposit is described with particular empha- 
sis on those characteristics (physical, economic, or engineering) that af- 
fected the choice of mining methods. Prospecting, exploration, and sampling 
and estimating the tonnage and grade are outlined. Development of the open- 
pit mine is shown. Mining methods, including breaking ground, primary drill- 
ing and blasting, secondary drilling and blasting, loading, transportation, 
engineering, and operating control, are described. A brief summary of mining 
2quipment is given. Percentage of extraction, production rate, mine drainage 
and water supply, wage, contract, and bonus systems, safety and fire preven- 
tion, and the processing plant also are described. The last section gives a 
»reakdown of such costs as are available for publication. 


INTRODUCTION 


In recent years the Bagdad mine has been converted from an underground to 
im open-pit operation. The Bagdad ore was mined underground by the block- 
-aving method. Then for a time a glory-hole system was used, and the ore was 
»roken in benches on the surface, bulldozed into raises, trammed to the shaft, 
ind hoisted to the mill on the surface. Finally the open-pit method of mining 
vas adopted. 


The mine was visited in June 1957, and information for this report was 
»btained at that time. 


./ Work on manuscript completed June 1958. 
'/ Mining engineer, Bureau of Mines, Region III, Tucson, Ariz. 
|/ Chief mine engineer, Bagdad Copper Corp., Bagdad, Ariz. 
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HISTORY OF THE DISTRICT 


The Bagdad mine (fig. 1) is in Yavapai County, Ariz., on Copper Creek, a 
small tributary of Boulder Creek; it is in sec. 4, T. 14N., R. 9 W., Gila arc 
Salt River base meridian, at an altitude of about 3,200 feet (fig. 2). The 
district is known as the Eureka mining district,and the Bagdad mine is reachec 
by driving 27 miles on a paved road from Hillside, Ariz., a station on the 
Ashfork-Phoenix branch of the Santa Fe Railway. 


The Bagdad claims were discovered in 1886 and patented in 1889 by John 
Lawler. Early production in the district was from gold-silver-lead fissure 
veins, however, and the first copper was not produced until after 1906. Sev- 
eral unsuccessful attempts to mine copper ore were made by other companies 
before the Bagdad Copper Corp. acquired the property in 1927 and explored the 
ore body by churn-drill holes. 


In 1929 pilot-plant operation to test the ore was initiated, and in 1935 
mining was begun on a small scale to test the application of the block-caving 
method to the ore body. In 1943 a 2,500-ton mill was completed, and mining 
2,500 tons per day by the block-caving method was attempted seriously. Enoug* 
ore to supply the mill at capacity was not obtained from the caving operation. 
The ore body was thin, and a high rate of development footage was required. 
The ore was hard and broke coarsely, and dilution was high. 


To increase production, some ore was mined by the glory-hole method. 
This method was used where capping was thin and waste could be stripped above 
the ore. Finally, the mining method was changed, and the open-pit method with 
truck haulage was adopted (fig. 3). 


After conversion to open-pit mining, it became evident that costs could 
be reduced if plant capacity were increased. First, it was necessary to prove 
enough ore to justify the expansion program. The original 40,480 feet of 
churn-drill hole did not suffice; and, beginning in 1946, 54,000 feet of 
diamond-drill hole was completed and sampled. This drilling discovered enouz> 
additional ore to justify expanding the mine operation. The concentrating 
plant was improved by adding equipment and improving the flowsheet until in 
1957 the capacity was 5,000 tons per day. Production by open-pit mine is 
listed in table l. 
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Rocks older than quartz monzonite. 


Sanders basolt. 


From Geological Survey Professional Poper 278 
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FIGURE 4. - Surface Geology, Bagdad Mine. 


eroded. The pyrite and chalcopyrite were oxidized, 


by oxidation of the sul- 
fides. The older rocks 
surrounding the quartz mon- 
zonite have been cut by mar 
dikes, which vary in age an: 
composition. A few short, 
narrow dikes, 1 to 2 feet 
wide, occur in the quartz 
monzonite. 


The northwest-trending | 
Hawkeye fault cuts through © 
the quartz monzonite and thi 
ore body (fig. 5). Accord- . 
ing to Anderson, Scholz, an’ 
Strobell,4/ this fault dips 
70° to 80° in an easterly 
direction and is a normal 
fault. The chalcocite ore 
body is present on the 
dropped hanging-wall block 
but is absent on the foot- 
wall side. Numerous minor 
fractures cut the quartz 
monzonite in the vicinity 
of the ore body. The pri- 
mary ore minerals are py- 
rite, chalcopyrite, and 
molybdenite. The minerals 
generally are scattered as 
grains through the monzo- 
nite but in places occur in 
veinlets of quartz. Some 
galena, sphalerite, and 
barite are found in the 
monzonite. 


Sometime after the ore 
body had been formed, the 
covering rocks and top part 
of the quartz monzonite werg 

and much of the copper was. 


carried down and deposited as a blanket of chalcocite ore, thus leaving a 
leached and oxidized zone above as much as 350 feet thick. The oxidized rock, 
which must be removed before the underlying sulfide ore can be mined by the 
open-pit method, contains about 0.435 percent copper. The high-grade chalco- — 
cite zone averages 125 feet in thickness and dips 10° to 15° NE. The low-grade 


4/ Anderson, C. A., Scholz, E. A., and Strobell, J. D., Jr., Geology and Ore 
Deposits of the Bagdad Area, Yavapai County, Ariz.: Geol. Survey Prof. 


Paper 278, 1956, 103 pp. 
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sulfide ore that will be mined by the open-pit method is 350 feet thick and 
textends downward from an elevation of 3,230 feet. 


SCALE - FEET 


FIGURE 5. - Outline of Sulfide Ore Body. 


After this period of erosion and leaching the whole area was covered with 
Gila conglomerate(?) to a depth of 200 to 250 feet; and the Gila conglomerate 
was covered with a bed of tuff 25 to 30 feet thick and a bed of basalt 50 to 
75 feet thick (fig. 6). During the present erosion cycle, Copper Creek cut a 
channel through these covering beds and removed part of the leached monzonite. 
Thus the ore body is almost exposed on the surface along Copper Creek but is 
capped by several hundred feet of leached capping, Gila conglomerate, tuff, 
and basalt in other places. 
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The topography is moderately rugged; 
between Hillside and the mine it is such 
that the cost of building a railroad is 
prohibitive. The elevation of the surface 
over the ore body ranges from 3,250 feet 
in the bottom of Copper Creek to 3,750 
feet on the point of Black Mesa that pro- 
jects out over the ore body. There are no 
permanent streams near the mine, but water 
is available in the gravels along Boulder 
Creek, 7-1/2 miles northwest of the mine. 
Copper Creek carries very little water ex- 
cept during the torrential thunderstorms 
that occur occasionally in the summer 
months. The climate is arid and warm. 


PROSPECTING AND EXPLORATION 


The first serious prospecting on the 

FIGURE 6. - Waste Banks Above 3,380- Bagdad claims was done in 1906, when the 

Foot Level. Giroux Syndicate acquired 8 patented and 

12 unpatented claims and drove an adit 

into the banks of Copper Creek. A small amount of high-grade copper ore was 
mined and hauled by wagon to Prescott, but the venture was unsuccessful. In 
1911 the Bagdad Copper Co. gave an option to the General Development Co., of 
New York, N. Y., which drilled 11 churn-drill holes before relinquishing the 
option. About 130 churn-drill holes had been drilled by the present operating 
company by 1928, and this work outlined the ore body essentially as it is 
known today. 


ESTIMATE OF TONNAGE AND GRADE 


A sample was split from each 5-foot interval in the churn-drill holes and 
assayed for total copper. These samples were used to compute grade and ton- 
nage. Beginning with plans for expansion in 1946, holes were drilled with a 
diamond drill. About 149 diamond-drill holes (a total of 54,000 feet) were 
completed and sampled by 1953. The original churn-drill holes did not bottom 
the ore and were assayed for total copper only. The cored holes were contin- 
ued in depth until core samples assayed less than 0.4 percent copper. 


Some additional holes are being drilled as the mine is developed. These 
diamond-drill holes are begun and drilled to depths of 50 to 100 feet with a 
BX bit, and then finished with an AX bit. Both sludge and core are sampled 
and assayed. The core and sludge assays are combined by a weight-factor 
method that favors the core to give the accepted assay. When more than 80 
percent of the core is recovered, the assay of the core is accepted without 
correction. Composite samples for 50-foot intervals are made and assayed for 
gold, silver, molybdenum, and other components. 


In the main parts of the ore body sample holes are spaced at 100-foot 
intervals, but in the outlying fringes they are spaced at intervals of 200 
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feet. The ore body is divided into 50-foot levels. A map of the level is 
divided into areas so that each drill hole has about equal weight and tonnage. 
‘The grade of each area is calculated by averaging the assays for the level in- 
‘terval. A factor of 12-1/2 cubic feet per ton of ore in place is used. 


Using a cutoff grade of 0.5 percent copper, the last published figures 
(1954) showed a reserve of 30 million tons of sulfide ore containing 0.754 
percent copper.2/ The sulfide ore also contains about 0.5 pound of molybdenum 
sulfide per ton. At the same time, 300 million tons of oxide-carbonate leach 
ore was estimated by using a cutoff grade of 0.15 percent copper. The final 
waste-ore ratio was estimated at 3:l. 


The calculated grade compared with that of the ore actually mined in some 
completed areas is shown in table 2. 


TABLE 2. - Calculated and actual assay 


4 


303 ,905 


3 | 294,786 961 
4 | 183,907 870 
5 | 102,496 
4 99 024 


DEVELOPMENT 


The Bagdad mine first was developed as an underground mine. This stage 
in the life of the property has been described.6/ From 1936 to 1945, ore was 
mined by the block-caving method. Several serious problems developed. The 
high-grade sulfide ore zone was relatively thin; ore suitable for underground 
mining averaged 125 feet thick. During World War II, competent underground 
miners were scarce. Boundary drifts and corner raises were required to facili- 
tate caving. All this added up to a relatively high footage of development 
work per ton of ore. Moreover, because the ore did not fracture well and the 
ore body was thin, dilution was a problem. The maximum average rate of pro- 
duction achieved by the caving operation was approximately 1,500 tons per day. 


Where Copper Creek cut through the ore body, the high-grade chalcocite 
ore was very close to the surface (fig. 7). A contract was made for removing 
the thin blanket of waste covering this area, and a raise from underground 
workings was driven to the surface. Ore then was blasted at the surface, 
bulldozed into the raise, drawn off below, trammed to the main shaft, and 
hoisted to the surface, The mining cost was improved temporarily, and the 
rate of production increased, This glory-hole method was successful, but it 


5/ Parsons, A. B., The Porphyry Coppers in 1956: AIME, New York, N. Y., 1957, 
p. 1921. 

6/ Hardwick, W. R., Block-Caving Mining Methods and Costs at the Bagdad Mine, 
Bagdad Copper Corp., Yavapai County, Ariz.: Bureau of Mines Inf. Circ. 
7890, 1959, 28 pp. 
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was obvious that it could be applied only to a limited part of the ore body. 
Furthermore, it immediately became apparent that economies would result if 
surface haulage were substituted for the underground transportation system, 
and the decision was made to convert the mine to an open pit. 
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SCALE — FEET 
FIGURE 7. - Sections Through Bagdad Mine. 


In the interval from 1945 to 1948 the company secured open-pit mining 
equipment of its own, terminated the stripping contract, and prepared a sur- 
face transportation system to haul the ore to the concentrator. As this sur- 
face haulage was developed, the underground operation was suspended. After 
1948 all ore was mined by the open-pit method. 


Only a small amount of stripping in addition to that already completed 
for the glory-hole operation was necessary before mining by the open-pit 
method could be started; however, part of the ore body is on the east side 
of Copper Creek under heavy overburden, which must be moved before the ore 
can be mined. So that this overburden may be removed by the time the easily 
available open-pit ore along the channel of Copper Creek is mined, the strip- 
ping has been accelerated. Present plans for the open-pit operation indicate 
a final stripping ratio of about 3 tons of waste for each ton of ore, but 
during 1957 waste was moved at the rate of 10 tons per ton of ore mined. 
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MINING 


The mining method now used is a multiple-bench open-pit system. The pit 
is roughly oval and measures 2,000 by 2,500 feet on the axis. Multiple rows 
of holes, 5 to 7 inches in diameter, are drilled with churn or rotary drills 
along 50-foot benches and loaded with a quarry-type blasting agent. The ex- 
plosive is fired with primacord, which is exploded with cap and fuse. The 
broken rock is loaded by full-revolving electric- or diesel-powered shovels 
into trucks, which haul 20 to 60 tons, and transported to the crusher or to 
the waste dumps. Rock containing oxidized copper is separated from barren 
waste and dumped where it will be available for future treatment. Ore is 
hauled to a coarse crusher near the pit, crushed to minus-5-inch, and then 
conveyed by a 983-foot belt, operating at an incline of plus a 5° » to the 
storage bins at the head of the concentrator. 


The mining cycle falls naturally into the processes of breaking, loading, 
transporting, and disposing of ore and waste. These steps are discussed in 
the following sections. 


Breaking Ground 


Breaking ground in the Bagdad open pit is complicated by the presence of 
four types of rock: Basalt, Gila conglomerate, oxidized monzonite capping, 
and unoxidized monzonite or sulfide ore. Each type has different characteris- 
tics that affect drilling and blasting. Breaking ground is divided into drill- 
ing holes along 50-foot-high banks (primary drilling), loading the holes with 
explosive (primary blasting), and breaking large boulders that remain (second- 
ary drilling and blasting). 


Primary Drilling 


The first blastholes were drilled in the open pit at Bagdad by gasoline- 
driven churn drills. Blastholes having a diameter of 10 to 12 inches have been 
tried. These larger holes were more widely spaced, and fragmentation was not 
satisfactory, particularly in the upper part of the bank. The high powder 
column in holes of about 7 inches in diameter resulted in fewer ragged crests, 
and when the mine was visited in mid-1957, drilling holes 6 to 7 inches in di- 
ameter was standard practice. 


Holes were drilled along the crest of the bank to a depth of 5 feet below 
grade. Multiple rows of holes were used; the outside row was about 10 feet 
from the crest of the bank. Holes were spaced from 12 by 12 feet in hard ore 
to 20 by 20 feet in soft ground. An average of 1,600 tons of material was 
broken per drill hole. 


Two types of blasthole churn drills now are used; both are classified as 
light drills according to current open-pit drilling practice. The larger of 
the two drills is equipped with a 40-foot derrick and weighs about 21,500 
pounds without tools or cable. This machine is powered by a 6-cylinder, 45-hp. 
gasoline engine and is capable of swinging tools that weigh up to 2,000 pounds. 
ihe smaller drill is equipped with a 34-foot 7-inch derrick and weighs about 
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12,000 pounds. It is powered with a 4-cylinder, 29-hp. gasoline engine and is 
capable of swinging tools that weigh up to 1,500 pounds. Both drills are self- 
propelled by a friction-clutch arrangement and are mounted on crawl-type 
tracks. 


Churn-drill bits are heated in an oil-burning furnace and sharpened in an 
electrically powered bit sharpener. The bits weigh about 250 pounds when new 
and are handled by the crew without help from any mechanical handling device. 
A bit-sharpening crew consists of three men - one operates the machine and two 
handle the bits. Churn-drill bits average 25 feet in the ore and 40 feet in 
the waste for each time sharpened. Drilling rates of the churn drill in the 
various types of rock in the Bagdad mine are shown in table 3. 


TABLE 3. - Drilling rates at Bagdad mine 


Feet per shift 


Churn drill Rotary drill 
ype of rock 7-inch hole 6-3/4-inch hole 


Basalt .ccccccscsccscccce 60 200 
Gila conglomerate...... 110 350 
Monzonite: 
Capping .ccccsccccvcce 85 275 
SE sf ee eee ee 50 160 


Two makes of rotary drills are used at Bagdad. One, a Joy 225, is 
mounted on a standard truck chassis having a 233-inch wheelbase. A piston 
compressor furnishes 359 c.f.m. of air at 125 p.s.i. A separate diesel motor 
supplies power for the drill head and air compressor through a gearbox. A 40- 
foot mast accommodates 30-foot lengths of 3-1/2-inch-diameter hollow drill 
stem above the rotary table, which rotates at 49 to 139 r.p.m. 


The other rotary is a Winter-Weiss Portadrill. It is mounted on a D6 
Caterpillar tractor. Two 300-c.f.m. vane-type compressors furnish air at 45 
p.s.i. The tractor engine furnishes power for the drill table and compressors 
through power takeoffs. This rig will accommodate 26-foot lengths of drill 
stem. 


Both drills use a standard roller-cone bit, and the cuttings are removed 
by air. Roller-cone bits drill an average 560 feet before being retipped. 
After retipping, the bits will drill about 200 feet. Most bits can be re- 
tipped two times. Drilling rates of the rotary drill in the various types 
of rock in the Bagdad mine are shown in table 3. 


When the mine was visited in June 1957, most blasthole drilling was con- 
tracted to an outside contractor on a "per foot" basis. The contractor fur- 
nished drills, all equipment, supplies, and labor. A drill similar to the 
small rotary described was used. Two machines were operating. Drill perfor- 
ance in ore and waste is shown in table 4. 
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TABLE 4. - Drill performance in ore and waste (1957 
all types of rock 


4-month 
pe of drill period Per shift 
Rotary drill: 


Ln. OG si.46ssenws 66 ektaee dea eo Leet 148.2 

Tn Was t Gs siiv doses 6 e6 oo bee baw Os 329.4 
Churn drill: 

TA OFC 462545604 G Cahwhsu ee aweeews GOs pe rer | 

Tn WAS tC 4.ia ck oe ws So eG ae ee ees 83.5 


Primary Blasting 


Thirty to thirty-five holes are drilled for an average blast. The 7-inch 
lrill holes are loaded with ammonia dynamite, gelatin dynamite, or ammonium 
litrate and fuel ofl. Plastic explosives are packed in 5- by 24-inch car- 
‘ridges, free-flowing explosives are in 12-1/2-pound bags, and ammonium ni- 
‘rate is in an 80-pound bag. The ammonium nitrate is opened at the hole, and 
tbout a gallon of light fuel oil is poured into the bag; then the contents are 
lropped down the hole. When ammonium nitrate is used, two or three cartridges 
»£ gelatin dynamite are used as a primer for the charge, which is detonated 
vith primacord. High-velocity primacord is on trial as a substitute for the 
lynamite primer. The 400-grain primacord is cut in 1-foot lengths and tied at 
‘-foot intervals on the regular 50-grain primacord line through the charge of 
immonium nitrate. 


Two grades of explosive are used, one 60-percent strength and the other 
'O- to 30-percent strength, in about equal amounts. The powder foreman, an 
‘xperienced man, judges the amount of explosive to be used in each hole, tak- 
ng into account the burden, hardness, and type of formation. A typical 
‘barge in ore is seven cases, or 350 pounds, of explosive, which rises about 
'l feet in a 55-foot hole and leaves 34 feet for stemming. In weathered con- 
‘lomerate a lesser charge is used, and the stemming column is about 40 feet. 
‘ine material from the bank or rotary-drill cuttings is placed in the holes by 
. rubber-tired front-end loader for stemming. In the Gila conglomerate and in 
ither material that tends to hang up in the crest of the bank, holes may be 
leckloaded with 50 to 150 pounds of blasting agent to bring the charge near 
he top of the hole. Better fragmentation results when a slow-speed explosive 
if 20- to 30-percent strength is used in the conglomerate. The explosive con- 
umption at Bagdad ranges from 0.15 pound per ton in average ground to 0.20 
icound per ton in hard ground. 


Two lines of regular primacord, or one line of plastic reinforced prima- 
ord, are carried to the bottom of the hole. The leads are tied to a main 
runkline of plain primacord, and a cap is fastened at each end. The caps are 
ired with fuse. Blasts are fired between shifts, when most of the employees 
re out of the pit. 
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Secondary Drilling and Blasting 


Secondary drilling has minor importance in the Bagdad mine. The rock is 
broken well by primary blasts. The blasting of only three or four boulders 
per week is required, and these are broken by mudcap shots. When hard bottom 
occurs, a few holes are drilled with jackhammers and blasted. Air for second- 
ary drilling is furnished by a 225-c.f.m. portable compressor, driven by a 
diesel motor. 


Loading 


Six full-revolving shovels currently are used at the Bagdad mine; two are 
diesel, and four electric powered; their capacities range from 2-1/2 to 8 cubic 
yards. The smaller shovels are used in the pit to load ore, and the larger 
shovels are employed almost entirely on waste. Loading performances of the 
various shovels during a 4-month period early in 1957 are shown in table 5. 


TABLE 5. - Loading-equipment performance (1957), tons 


4-month 
Shovel size, yards period Per shift 

2-1/2 (diesel): 

ER ONC ie has eos owes SEN Cee oe eee 1,677 

Ti WA6 06 i043. ec ines tese eee. eas 1,702 
3 (diesel): 

IN O©O@i.2065 sewcese ee er ee re 145 ,198 2,536 

It WAS CO4 6 vawiee Gd bt564466 8 eRe eee 226 ,278 3,328 
3-1/2 (electric): 

1 6 «Wa op of a eee me eee ae Sevoces erate 222 ,799 2,422 

TM WASEC 65665446 sae ae eek 15,419 3,084 


4-1/2 (electric): ; 
OLS 650 4 sr snesee sr aware a eee eek 104 ,398 3,212 
In waste.. @ee@eeoeeeoeeseesesveeseeseesensvtds8 ¢ @ 647 411 4,338 


6 (electric): 
In OTC. er eccecvvsecvcce eeceoeoveneeeeee i a 
TY WES © Cie p.oe kb oe eke ee Wee ewe 1,638 ,666 8,204 


8 (electric): 
In ore, eoe@e@ee<use0eeeseeeeeeoeseeeseeeeeneee © @ 
In waste. @eeetereeeoeene1e0e8 fteeeoe7#sdgegeeeeoee8 @ 6 


Banks are 50 feet high, and benches range from 40 to 100 feet in width. 
This usually is too narrow for the shovel to load from both sides, and only 
one truck is loaded at a time (fig. 8). Trucks usually are loaded from the 
operator's side to provide better visibility. When a shovel is moved up or 
down a ramp from bench to bench, a crawl-type tractor with a tow cable is 
used to hold back and prevent excessive strain on the travel and brake 
mechanisms of the shovel. 
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FIGURE 8. - Shovel-Loading a Single Truck. 


FIGURE 9. - Truck Haul Road. 
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Power is purchased from the Bureau of Reclamation, at Parker, Ariz., and 
brought to the mine over a 7/70-mile high-tension transmission line. At the 
mine the voltage is reduced to 2,300 volts. Power is carried to the north 
side of the pit on a high line and then is conducted to the shovel by a four- 
strand insulated cable. Portable towers, weighted at their bases, are used to 
support the cable over haul roads (fig. 9). At the top of each tower is a 
pulley through which is threaded a light rope with an insulated clamp on one 
end. To raise the cable, the clamp is fastened, the cable is hoisted to the 
required height, and the rope is made fast. 


Transportation 


Transportation at the Bagdad mine presents a major problem. // The canyon- 
like valley of Copper Creek is bordered on both sides by high mesas. The con- 
centrator is on a high ridge very close to the ore body at an altitude of about 
3,308 feet. The upper bench in the sulfide ore is at 3,230 feet; the lower 
bench (as now planned) will be at 2,800 feet. Ore is transported by a combina- 
tion truck-conveyor system; 8/ waste and leach material are hauled by trucks. 
Waste is hauled to dumps along Copper Creek beyond the north limit of the ore 
body, and carbonate ore is hauled to a dump in an area suitable for future 
leaching. The sulfide ore is hauled to a crusher at the edge of the pit, 
crushed to minus-5-inch, and conveyed by belt 983 feet up a slope at 17.5° to 
the concentrator bin. This raises the ore a vertical distance of 293 feet and 
eliminates an expensive haul by truck up steep grades. 


Truck Haulage 


Truck haulage over adverse grades of 8 to 16 percent is necessary. Recog- 
nizing the problem, the Bagdad Copper Corp. endeavored to determine which haul- 
age units gave the best performance and what conditions led to rising costs. A 
careful cost analysis for each make and type of haulage unit has been a most 
important means of determining which gives the best performance. Cost records 
at Bagdad have indicated that the use of larger units generally results in 
lower costs. With this incentive, one company designed a truck for 60-ton 
payloads, which later was modified to carry 75 tons. Some major changes in 
the design of this unit included dual front wheels, center swivel- or wagon- 
type front-axle assembly, front-end suspension on hydraulic-air strut, full- 
box section frame, and twin motors mounted amidship. The truck weighed 96,000 
pounds empty. It was powered by two 350-hp. diesel motors, each driving a 
separate axle through torque converters. Reported to be the world's largest 
truck,9/ it was operated for over 2 years. Although it hauled record payloads, 
this truck was plagued with mechanical difficulties and did not compete cost- 
wise with somewhat smaller and more conventional units. 


7/ Mining World, This is What Streamlined Mining and Improved Haulage Did for 
Bagdad: Vol. 16, No. 9, August 1954, p. 40. 

8/ Colville, George W., The Bagdad Open-Pit Conveyor: Min. Cong. Jour., 
vol. 41, No. 7, July 1955, p. 24. 

9/ Mining World, World's Largest Truck to Bagdad Copper: Vol. 15, No. 4, 
April 1953, p. 73. 
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Torque converters were first used at Bagdad in 1950 on 30-ton trucks. 
Their use is credited with materially reducing maintenance costs, reducing 
brake repairs by 75 percent, and increasing tire mileage by 35 to 50 
percent .10/ 


When the mine was visited in June 1957, several different types of haul- 
age equipment were being used; table 6 lists these with their performance over 
a 4-month period in early 1957. During this period material was hauled an 
average of 0.55 mile. The smaller trucks are used for hauling ore, and the 
larger ones for hauling waste. 


TABLE 6. - Haulage-equipment performance 


Number Time 
Tons per mile |per hour |gallon |joperated, 
Haulage unit units hauled  |traveled jop percent 
End-dump truck: 
ZO=COM is os is s50 wee sewn 147 ,228 9.7 
22-ton (with torque 
CONVErter)..cccescecs 10 3,100,105 63.1 
22-ton (without torque 
CONVETteLr)...cccvceee 4 535 ,933 30.8 
SOSEON Sai. v sce eo eeewse te 10 5 ,346 ,676 77.1 
GO-ton, diesel......... 6 3,538,162 71.8 
40-ton, butane......... 2 59,172 
DOS EON assis new es eae een wie 1 756 ,670 73.7 
Tournarocker: 
HO=EON 665s, So ee eae ewe re oe 11.4 
DO=CON . 4670s. e540 oGioew es 14.3 


Total and average... oe ae 13 se 53 ea 128.70 ae 59.1 


Ore is hauled an average of 0.7 mile over an adverse grade of 12 percent 
and as much as 16 percent when the lower levels of the mine are operated. The 
ore haul begins on a level bench, which ranges from 40 to 100 feet in width 
and is relatively straight. The adverse-grade part of the haul may have sev- 
eral sharp curves. A typical run for an ore truck would include 0.35 to 0.45 
mile of level haul, 0.15 to 0.25 mile at an adverse grade of 12 to 16 percent, 
and finally 0.10 mile approximately level to the crusher. 


Carbonate leach material is hauled to the southwest of the pit and dumped 
where it can be leached later. A fill has been built across Copper Creek; the 
adverse grade on this haul is about 1.8 percent, and several curves are re- 
quired. Waste from the upper levels is hauled northeast along Copper Creek 
above the mine to a point beyond the ore body and dumped to form a dam across 
the creek. Here the grade usually is less than 8 percent; the distance is 


10/ Dickie, Ernest R., Colville, George W., Hondrum, Olaf, and Green, George, 


New Ideas for Bagdad Copper: Eng. Min. Jour., vol. 154, No. 3, March 
1953 9 PP e 89-93 e 
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about 2,500 feet. Waste from the intermediate levels is hauled northwest 
along Copper Creek below the mine and dumped beyond the limit of the ore body; 
the distance is about 1 mile. 


All roads are wide enough for trucks to pass each other at any place 
(fig. 9). Roads are kept smooth with a Tournadozer and a motor grader, and 
all haul roads are sprinkled continuously with a sprinkler truck when they are 
being used. Left-hand traffic is required on all roads in the pit. This en- 
ables the driver to see the outside of the road better, and there is less 
danger of driving off the bench or hitting rocks along the edge of the road. 
The shift foreman establishes a driving procedure for each haul, and all trucks 
are required to retain their place in the cycle. Empty trucks are not allowed 
to race back to the shovel. 


New drivers are trained by a driver instructor; he continues instruction 
of the older drivers as required. He also serves as liaison between the pit 
and shop on safety and operation of trucks. Particular attention is given to 
the condition and proper operation of brakes and steering apparatus. If both 
transmission and brakes are operated by air, auxiliary air tanks and check 
valves are provided to prevent the loss of both brakes and transmission should 
an air line break. Drivers are instructed to bring the truck to a stop if 
they consider its operation unsafe in any way. 


Tournarocker-type units first were used as prime movers in open-pit min- 
ing at the Bagdad, The first units had 40-ton capacities; however, their 
availability was low, owing largely to time out for mechanical difficulties 
and repairs. The 50-ton Tournarockers (purchased in 1951) have a capacity of 
33 yards and are equipped with torque converters. These units do not fit in 
with the trucks on a haulage cycle and are used to haul ore. 


Haulage equipment at the Bagdad mine is available about 70 percent of the 
time. The mileage of tires on trucks equipped with torque converters and rear 
Springs is about 30 percent more than on the dead-axle-type trucks with stand- 
ard transmission. Maintenance costs of trucks equipped with torque converters 
were considerable lower than those of trucks not so equipped; however, the 
cost of fuel was up about 10 percent. 


The diesel motors in the trucks operate approximately 6,000 hours before 
the first overhaul. These motors run from 3,000 to 5,000 hours before again 
requiring a complete overhaul. A four-bay truck shop is available for truck 
repairs. The diesel motors are repaired in the shops but are not rebuilt 
there. When a motor requires rebuilding, it is sent to an outside contractor. 
All tire-repair work also is contracted to an independent shop. 


Trucks built by several different manufacturers and with several power- 
train arrangements are used. The performance of several types of units is 
shown in table 6. 


Conveyor Haulage 


There is a difference in elevation of about 375 feet between the present 
lowest working level and the mill bins, and this difference will increase as 
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the pit becomes deeper. A conveyor system was installed to eliminate a steep 
truck haul. 


A site was selected at the edge of the ore body where a minimum amount of 
ore would be tied up. A truck dump was designed where trucks dump over a 5- 
by 12-foot scalping screen with 5-inch openings. The oversize from this screen 
is passed into a 42- by 40-inch jaw crusher. The crushed product joins the 
undersize from the screen and is fed to a 36-inch by 160-foot stacking con- 
veyor, which raises it at 12.5° and discharges into a 5,000-ton storage pocket. 
Ore is drawn from the bottom of this storage pocket and fed by a 36-inch by 
8-foot pan feeder onto the main conveyor belt. This belt (fig. 10) is 36 
inches wide by 983 feet long; it elevates the ore 293 feet to the fine-crush- 
ing and screening plant near the concentrator. The belt is driven by a 65-hp. 
electric motor and travels at 285 feet per minute. The speed can be increased 
if necessary to increase capacity. | 


Before the belt system had been completed it was necessary to mine ore on 
each shift that the mill was operated (21 shifts per week). After the belt 
system, including the 5,000-ton-pit storage pocket, was completed, the mine 
operation was reduced to 12 shifts per week, but the mill and belt continued 
to operate 21 shifts per week. The cost of transporting ore was greatly 
reduced, 


Engineering and Operating Control 


Engineering assistance is available, but the primary responsibility for 
ore control rests with the operating foreman. A map of the mine topography 
(fig. 11) shows the elevations of mining benches by contour rather than by 
symbol for crest and toe. This map is drawn on a scale of 100 feet per inch, 
and the positions of the diamond- or churn-drill sample holes are plotted. 
The holes are spaced 100 feet apart in ore areas, and this is considered to 
be close enough for the operating foreman to segregate ore from waste. The 
holes drilled for blasting are not sampled, but when the grade of the ore in 
an area is doubtful, the mine foreman has a few grab samples of the broken 
rock analyzed. Ore and waste in the bank generally are recognized readily by 
visual inspection. 


To estimate the grade for the day, the mine foreman takes the contour 
nearest the shovel, checks the nearest sample drill hole, and reads the grade 
from the log of the hole at that elevation. The grade of the mill heads 
ranges from 0.5 to 1.5 percent copper. 


Summary of Mine Equipment 


Mining equipment was selected to best fit the physical conditions imposed 
by the topography and rock characteristics at Bagdad. Smaller type blasthole 
drills were selected because they could be moved more easily along the rough 
escarpment of Black Mesa and because it has been proved that smaller, more 
closely spaced blastholes result in better fragmentation. 
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FIGURE 11. - Pit Topography, Bagdad Mine. 


Small shovels are selected to load ore where maneuverability is more 
important than capacity. Intermediate-size shovels are used on the higher 
stripping levels where some mobility is required. Heavy shovels are used in 


carbonate ore or waste on established benches where a high production rate 
can be used to advantage. 
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Haulage has been one of the serious problems at the Bagdad. To find the 
most economical equipment, the company operated haulage equipment from differ- 
ent manufacturers side by side. A careful cost analysis for each make of 
haulage unit is kept by the company. 


A specially designed truck with 75-ton capacity has been mentioned. In 
addition, trucks built by several companies in each size are operated. Differ- 
ent manufacturers also supply motors for the same size trucks. Motors adapted 
to butane fuel were on trial when the plant was visited in 1957. 


A summary of mine equipment in use at the Bagdad is given below. 
Number of 
units 
Drilling: 

Diamond drills, skid-mounted, surface type... ..cccccrcccvccesvvceces 2 
Churn drills: 

1 500 =PoOund: “COOLS: siccde: are 8 6 eal. w cred 4 We oS dea sale wes A ee ees 2 

2, Q00=pounG C6618 «3:5.54.5hb aie ain arte 860d SS SSeS aw Ow eee 606 ee 3 
Rotary drills :(6=-3/4=1neh: NOles Jods 6.sbce 4. wins eben whee we oe were wets 2 
Compressor, 225-c.f.m., traLler-mounted.....ccncccccccscvvcccsccerses 1 


Loading: 

Shovels: 
2-1/2-yard, track-mounted, diesel-powered......cccccccccccvvcsecs 
3-yard, track-mounted, diesel-powered... ..ccccccscccvcscevesesecs 
3-1/2-yard, track-mounted, electric-powered. ...ccccccccccccscccess 
4-1/2-yard, track-mounted, electric-powered... cccccccvccccvccces 
6-yard, track-mounted, electric-powered. ...csccrccccccscccescccas 
8-yard, track-mounted, electric-powered... .cccccccecvvcccsccsves 

Front-end ‘loader, b= l/ 2 yards 6. 6ick ode oe sc cane aoe ee wee we sew Leek 


er oe ee 


Haulage: 
End-dump trucks: 


ZL SCOM 6 o.5e 5 aoa Sw ers aw RR WR ae aR oth Se Bade beer eo rs we eee 19 
BO SEO cis: aio loi Gira e rele o we oie eve tee wee 010 See SS 6 Se ea we ee eee 10 
DOA COM sw ae esibiece 67s: a cete, ieial onesie eve wna Wo aie ereseerers eae a ate wal etbiawebeera Cae wie teas 1 
DOSE OW soko ores Cia se oS vate Main eRe swe re SF eae SSS eee we oes 8 


Tournarockers: 


BOM OT e256 ee Ssidie ors Goo peo obacs eevee eeeoavece eoereeveveeveeaeese eevee eee 2 


5) OF ao 1 ¢ ane eg een Tee ere ene aN A TORR een SE Rea eRe On ROEM ae er eee tee a ee nema 2 


Tractors: 
Large... EYACK=MOUNEE 6.5 60-6 eae Mee Oe OOS 6 Swe RASS AS OE Cee 5 
Sma lily. “Crack=Mount Cds sic och Gk. 6. arae eevee How bow hia ww Gib awe eee Eve 1 
LAaree 5s TUDDEYr-t LEE ¢ c.as.seasccie enw ewe eee ee ee eee soa eee Nase ae 3 


Miscellaneous: 
Scraper, Vi-yards p5seas wwe ewes as a ewe we ae eee awe dees 1 
Bea DP OP aaa 65 oss as'ath erase oa Bre ee eer ech a ave v6 Wk IS Gels Wawa Se wee Clee iets 1 
ROAG“~CLAGET SG 6i-6.5 Gata seocG OAs ose Ow io Wi SEES ba teen OESENS 3 
Trucks: 
DEAD SOE ECC yeaa bo. irdr ee Wr is tee wae eran bee xe he aw Ree be eae 
Sprinkler, 4,500- and 2,500-gallon capacity... cccccccccccccccoes 
CBE Cg aw Seinen die 2a dele W sm Web Rae, 0h SNe Res: ie OO EEO WR Er Reales 


Boom en @: ol are ee eee ee ee ee ee ee ee ee ee ee eee ee ee eee eee ee 


Forklift....... @e e@eee @eeees0aese#+iec@oeoeeseeeseeeeeeteeoeeeeoeeeseeneeeoeeeeseee#eerteseeeeteetet &¢ @ 


eal well a OO oe 
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PERCENTAGE EXTRACTION AND PRODUCTION RATES 


The ultimate extraction of sulfide ore will depend on the final stripping 
ratio. Based upon the 1953 estimate, the mining of 30 million tons of sulfide 
ore will require the removal of 30 million tons of oxide ore and 39 million 
tons of waste. The final percent extraction of the copper depends on the de- 
velopment of a satisfactory method of extracting the copper from the low-grade 
oxide ore that is being stored in a separate dump. The solution of this prob- 
lem has been carried through the pilot-plant stage successfully. 


The initial pilot flotation plant (built in 1929) had a daily capacity of 
50 tons. This plant was enlarged to 200 tons daily in 1931. In 1943 the mill 
was moved and completely rebuilt with a daily capacity of 2,500 tons. The 
capacity was increased to 4,000 tons daily in 1950 by adding a fourth ball 
mill and to 5,000 tons in 1957 by a fifth ball mill. The company plans to 
increase production to 10,000 tons daily by gradually expanding the mine and 
plant. 


MINE DRAINAGE AND WATER SUPPLY 


The mine produces only about 150,000 gallons of water daily. This col- 
lects in the old underground workings and is pumped from the shaft and used 
in the mill. In 1943 pickup pumps were installed in a natural sump on Burro 
Creek to pump surface runoff water, and about 7-1/2 miles of 10-inch pipeline 
was constructed. Water is pumped to the mill by electrically driven centrif- 
ugal pumps against a head of 1,100 feet. Future plans call for increasing the 
water supply by drilling additional wells and building a 200-foot dam across 
Burro Creek to impound floodwaters. The tailings pond was constructed to pro- 
vide a settling pond. Nearly all water in the tailings is recovered and 
reused, 


A waste fill has been constructed across Copper Creek above the open pit 
to prevent the mine from being flooded by flash floods. 


WAGE , CONTRACT, AND BONUS SYSTEMS 
All employees are on a straight hourly wage, except for supervisory and 
engineering employees, who are on salary. All employees, both wage and 


salary, participate in a profit-sharing program. 


Some work, such as blasthole drilling, diesel-engine rebuilding, and tire 
repair, is contracted outside on a cost-per-unit basis. 


The total number of employees in the plant is about 325. The mine has ap- 
proximately 175, the mill 80, and the remainder are employed in the machine 
shop, accounting, and other accessory facilities. 


SAFETY AND FIRE PREVENTION 


Safety is the responsibility of management and supervisors. First-aid 
classes are held annually by management in cooperation with employees of the 
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Safety Branch of the Federal Bureau of Mines. Accident-prevention classes are 
held for supervisory personnel, also in cooperation with the Bureau of Mines. 

Safety suggestions by management through supervisors receive prompt attention 

by employees. An engineer is in charge of safety organization. 


A volunteer fire crew practices regularly with equipment furnished by 
the company. Fire extinguishers of suitable types are placed in strategic 
positions. 


PROCESSING PLANT 


A complete description of the processing plant is beyond the scope of 
this report. Metallurgy has played an important part in the success of the 
Bagdad operation and will continue to do so in the future. A significant part 
of the copper in the deposit is in oxide, carbonate, and silicate minerals and 
is not recovered by the present flotation process. Much research has been 
done on the problem, however, and ores of that type are being treated success- 
fully in a pilot plant. 


Present Sulfide Concentrator 


The capacity of the flotation concentrating plant, built in 1943 with a 
designed capacity of 2,500 tons, has been increased by improvements in the 
crushing practice and by increasing the number of ball mills from three to 
five. The present capacity (1957) is 5,000 tons per day, and the company ex- 
pects to increase this to 10,000 tons per day. The general arrangement of the 
flowsheet is shown in figure 12. 


Ore is mined and the coarse-crushing plant is operated two shifts per day 
to supply the mill with the required tonnage. The pit conveyor (fig. 13), 
drawing from the 5,000-ton pit storage, and the concentrating plant are oper- 
ated three shifts per day. Ore is crushed in three stages to minus-3/8-inch 
mesh and then ground in 8- by 9-foot ball mills, and a combined copper-molyb- 
denum concentrate is made in 66-inch mechanical flotation cells. Copper con- 
centrate passes through 56-inch mechanical cells, and a rough molybdenum con- 
centrate is separated and cleaned eight times to produce a final product that 
contains 93 percent MoS» and about 0.5 percent copper. The copper concentrate 
contains about 34 percent copper, 22 percent iron, and 9 percent insolubles. 
The copper concentrate is trucked to Hillside by contract, shipped by rail, 
and sold to a custom smelter. Some metallurgical information is Listed below. 


Percent Percent 
Heads: Concentrate (Con.): 

TOtaL COPPEF i406 ince iaiwnees 0.8 Copper (Con.): 

Oxide copper.ccccsccccceces 1/14.5 SULLUL see heesecewewseaeae “27-00 

Molybdenite.....cccecscccses .025 INSOLUD LES) sé k0s ccs ese s 9.0 

Concentrate: | Molybdenum: 

Bulk: MOD) i sieec-oe witedweewe occ 93.0 
CODDEL 6 se:siwi6 aie 0 6606 6.6 oe S85 34.0 CODDEGF (406.0 s006-0'6 25-see we Oe uD 
Molybdenum... .ccccscccvecs 1.58 

Copper: Copper recovery: 

COPPE? .idseeccateweesnecs: 24.0 Sulfide-copper...cccseceeee 94.7 
errr r re ee ee ee 22.0 Total copper..cccccccsccccs 84 3 


1/ Percent of total Cu. 
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FIGURE 12. - Mill Flowsheet, Bagdad Copper Corp. 


Copper 


Molybdenum 
concentrate 


A key to the numbers and letters used in figure 12 follows: 


Ore entry (5,000 tons per day; 2-shift operation). 
Scalping screen (5-inch openings). 

Jaw crusher (42- by 40-inch jaws). 

Stacking conveyor (36 inches by 160 feet at +11°). 
Pit storage pocket (5,000 tons). 

Pan feeder (36 inches by 8 feet). 

Pit conveyor (36 inches by 983 feet at +17,5°%), 
Feeder conveyor. 

Grizzly (3-inch openings). 

10. Gyratory crusher (2-1/2 to 3 inches). 

11. Conveyor (30-inch width). 

12. Two-deck vibrating screen (3/4 and 1/2 inch). 

13. Cone crusher (3/8 inch). 

14. Do. 

15. Conveyor (36-inch width). 

16. Vibrating screen (3/8 inch). 

17. Conveyor (24-inch width). 

18. Weightometer. 

19. 4 storage bins (1,000 tons each). 

20. 4 conveyors (18-inch width). 

21. Ball-mill feed. 

22. Ball mills (8 by 9 feet, 5 used). 

23. Classifier (3 rake, 2 spiral). 

24. Overflow from classifier. 

25. Reagent feeder. 

26. Primary flotation, 66-inch mechanical cells (3 units of 6). 
27. Cleaner flotation, 56-inch mechanical cells (3 units of 2). 
28. Scavenger flotation, 66-inch mechanical cells (3 units of 6). 
29. Thickener (40-foot diameter). 

30. Conditioner. 

31. Molybdenum flotation. 

32. Regrind ball mill (3 by 3 feet). 

33. Spiral classifier. 

34. Overflow. 

35. Molybdenum cleaner cells. 

36. Cone thickener. 

37. Disk filter. 

38. Dryer. 

39. Concentrate settling tank. 

40. Concentrate thickener (40-foot diameter). 

41. Disk filter. 

42. Concentrate bin. 


Oo mnN AUN & WY LD pp 
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A. Mill balls (1.6 pounds per ton of ore). 

- Lime (3.5 pounds per ton of ore). 

Water (291 g.p.m. each ball mill). 

Flotation reagents: Pine oil, xanthates, etc. 
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FIGURE 13. - Pit Conveyor and Concentrator Buildings. 


Electrolytic Pilot Plant 


Obviously, if the 0.4-percent copper in the overlying oxidized capping 
that must be mined and the additional oxidized 14.5 percent of the copper in 
the mill feed thatis now lost could be recovered, the total recovery of copper 
from the Bagdad ore body could be increased 50 percent or more. Metallurgical 
testwork for applying a roasting, leaching, and electrowinning process to the 
Bagdad ore and pilot-plant design was done by Dorr-Oliver, Inc. Bagdad built 
the plant, and it was operated jointly by Bagdad and Dorr-Oliver in 1956. 


This plant was designed to treat 5 tons of copper concentrate a day. The 
operation of this plant has been described.ll/ The concentrate, containing 27 
to 28 percent copper, 16 to 18 percent iron, and 27 percent sulfur, is fed to 
a FluoSolids reactor. Calcine from the reactor is quenched in spent electro- 
lyte from the tankhouse, and the copper is dissolved. The pregnant solution 
is clarified and passes through electrolytic cells, where copper is precipi- 
tated on cathodes by an electric current. This process will produce refined 
copper with sulfuric acid as a byproduct, 


11/ Mining World, Electrolytic Copper Production is Goal of Bagdad Pilot 
Plant Study: Vol. 19, No. 9, August 1957, pp. 50-53. 


»» Gor gle WmEeeae Eee 


27 


The company plans to utilize this process and thus eliminate the expense 
of hauling concentrates to Hillside, as well as freight and custom-smelting 
charges. The byproduct acid will be used to leach the oxide dumps and thus 
increase the percent extraction of the copper in the ore body. 


COSTS 
The operating cost of some individual types of equipment is shown in 
dollar value. Stripping, mining, and milling costs are shown in percentages. 


The following tables (7 to 10) and lists show such costs as are available for 
publication. 


TABLE 7. - Drilling costs 


Portadrill _. 
| Ore | Waste | Ore | Waste 
General information: 
Shifts operated....ccccccvecs 460.5 348.5 29.0 146.0 
Material drilled per 
BRIDE cis oewrsnsienes coves Leet 53.73 83.48 148.21 329 .36 


Material drilled..........dO. 24 ,743.0 29 ,092.0 4,298.0 48 ,087.0 


Cost per foot: 


Direct: laborsssi6s.c0ss<sG650% $0.272 $0.123 
Payroll taxes..cccccccscccece O11 -005 
Vacation and bonus....ccccceces 006 003 
Provisions for bits and stems 387 174 
LUDELCACLON 6 ow isceiaweeeenes -009 004 
Miscellaneous ....cccccccccces 039 .018 
Maintenance and repairs...... . 166 074 
Industrial insurance.......e. 014 006 
jg tp Bee eee ee 053 033 
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TABLE 10. - Comparison of truck and conveyor haulage costs 


po Truck 
Conveyor 


Material hauled.......cscccsscceeeetons | 1,548,290 932 ,560 1,351,513 

Material hauled per hour........++e2eed0.~ 127.5 151.05 254 

Costs per ton: 
LEADON yo 5caiscbet hiss wh ere heh Wier ee Sa wes $0.01964 $0.01781 $0.01394 
PAV TOL “CAR 6 iw ecaieic os erdreie ue ow eee 6 oeree os 0098 00082 -00052 
Vacation and bonus... ..cscccccccssccves -00039 .00076 = 
Tires and tubes.......csccccccccccvces .04794 01065 1/ ,00017 
LUDELCAEL ON 666565. 66 460 eden ees eks .00197 00196 .-00001 
Misce] Lan@ouse 6oi6528e6ice reese es eve es -00479 00347 .-01228 
Maintenance and repairs...ccccccccccee 02655 02688 -01002 
Industrial insurance....cccccsccccsecce .00122 .00102 . 00080 
PUG 1 645666445 dsse wad ore aeeeeee ew ese. .01379 01372 00185 


VOCE lie ba hae Re bis bb SoBe eee ewe as .08727 ~07729 0396 


1/ Material and supplies. 


An analysis of stripping costs based upon 4,065,457 tons moved in 4 months 
of 1957 is given below. 


Percent of : Percent of 

total cost total cost 
Direct: Ladot ss .ccsceeewas 3.06 LOGGING 6 6655 S664 ae oe 17.35 
Other direct charges..... 39 Haulage 6 66 6645 00408 tie 6s c0% 45.78 
Primary drilling......... 9.57 Dozers and graders........ 8.40 
Secondary drilling....... 1.11 Miscellaneous........ceees 3.06 
Blasting supplies........ 11.28 TOCA Ll . éawsewecuwesees 100.00 


Mining and milling costs for the same period were distributed as follows: 


Percent of Percent of 
total cost total cost 
Mine (ore and waste): Concentrator: 
Operating: Operating: 
Breaking ground...... 7.13 Primary crushing...... 1.55 
Loading and hauling.. 8.60 Primary conveyor...... 1.81 
General mine expense. 2.32 Secondary crushing.... 4.42 
Grinding ssc ie scedawe 9.17 
Total direct cost.. 18.05 Flotation...cccccccece 7.96 
PLL CrIing 6 65:64:000 0 wes 1.04 
Other: Molybdenum section.... 1.57 
Diamond drilling..... 2.04 Tailings disposal..... 89 
Advance stripping.... 47.19 Water supply...ccccoes 1.10 
General mill expense.. 4.21 
Total other costs.. 49.23 Total concentrating 
TStal winine coats. 67.28 COBE wc ccccccccccves 32.72 
——— Grand total operat- 
ANS COB bs <:.ds sa wss 100.00 


* U.S. GOVERNMENT PRINTING OFFICE : 1959 O—S5S26603 


Google 


